The clinical syndromes in adult life have received less attention. Parker & McConnell (1938) described 5 adults with hydrocephalus resulting from caudal displacement of the cerebellar tonsils and fourth ventricle outlet into the cervical vertebral canal. Adams et al. (1941) reported 2 adults in whom a similar anomaly was associated with lower cranial nerve and cerebellar signs. O'Connell & Turner (1950) , Spillane et al. (1957) and Taylor & Chakravorty (1964) have further described the clinical syndromes. Gardner et al. (1957) reported that when syringomyelia is associated with an Arnold-Chiari malformation the symptoms are often relieved by foramen magnum decompression.
This communication is concerned with 18 adult patients (14 women and 4 men) who had developmental anomalies at the foramen magnum. Their ages range from 16 to 55 years (average 33 years). The anomaly, confirmed in each case at operation, was a caudal positioning of the cerebellar tonsils in the cervical spinal canal; it corresponds to one of the malformations described by Chiari (1891) .
If the fourth ventricle also reaches the spinal canal, obstruction of its outlets can lead to hydrocephalus. In most patients skeletal abnormalities such as basilar impression, occipitalization of the atlas and lower cervical vertebral fusion were found on radiographic examination. In 3, however, the plain X-rays were normal. The diagnosis is made by contrast radiography. Myodil myelography in the supine position has now replaced lumbar air encephalography which was used in earlier patients. The cerebellar descent in the cervical canal provides a characteristic appearance.
Each patient had an operation involving high cervical laminectomy and removal of the posterior rim of the foramen magnum which is usually invaginated and thickened. The dura is also thickened at the foramen magnum level and forms a ridge indenting and compressing the descended cerebellar tissue. At the beginning of the operation care must be taken to avoid undue neck flexion which can cause apneea. Spontaneous respiration may not resume until the foramen magnum decompression is completed. Adhesions around the cerebellum are divided and the patency of the fourth ventricle outlet ensured.
The three chief neurological syndromes were caused by: (1) Increased intracranial pressure (6 patients). (2) Spinal cord involvement (5 patients).
(3) Involvement of brain stem and cerebellum (7 patients). It must be emphasized that some patients exhibit features of two or even all three syndromes.
(1) The patients with increased intracranial pressure presented with headache and drop attacks. Headache, usually episodic and severe, had been a symptom for 2-22 years. Five patients had had drop attacks occurring without premonitory Proc. roy. Soc. Med. Volume 62 July 1969 symptoms and followed in a few seconds by complete recovery. Vertigo or clouding of consciousness accompanied the attacks only occasionally. Sudden movements such as neck flexion can precipitate attacks; attacks sometimes occurred after a particularly severe headache.
Various associated symptoms included diplopia, episodes of blurring of vision, lower cranial nerve palsies and parmsthesia of the hands. Ventriculography, performed in 2 patients, demonstrated hydrocephalus; 5 had abnormalities on plain X-rays of skull and cervical spine; all 6 had myelographic evidence of cerebellar tonsillar descent. Foramen magnum decompression led to complete recovery in 5 patients and a cessation of drop attacks in the sixth.
(2) In 5 patients spinal cord signs predominated. Dissociated sensory impairment, often unilateral and in a lpatchy distribution over the arm and face, was always present. Parmsthesia of the hands was a common symptom. Two patients had spastic legs; supine myelography revealed cerebellar descent in each case. Although the clinical picture suggested syringomyelia, enlargement of the upper cervical spinal cord was recognized at operation in only 3 patients. Other factors responsible for spinal cord symptoms will be referred to later.
In 3 patients marked improvement followed foramen magnum decompression. One of the 3 had not benefited from earlier laminectomy with aspiration of a syringomyelic cavity. Although the neurological signs in the remaining 2 patients have not improved, the deterioration has, at least temporarily, been halted.
(3) The 7 patients with signs of brain stem and cerebellar involvement had multiple symptoms, sometimes of more than ten years' duration, leading to severe handicap.
The symptoms included vertigo, drop attacks, diplopia, parmesthesia of the limbs, weakness of the arms, often episodic, and ataxia. One group of symptoms -dysphagia, dysphonia and attacks of aspiration pneumonitisrequires special emphasis. In one patient the neurological diagnosis was made while she was being treated in a respiratory failure unit. Before operation she could not speak, swallow or cough; the postoperative recovery was complete.
The chief neurological signs were nystagmus, both vertical and horizontal, ataxia of gait, limb ataxia, paralysis, often unilateral, of the palate and vocal cords, fibrillation and wasting of the tongue, dissociated sensory impairment in the arms and spasticity of the legs.
Many of these symptoms, particularly those of short duration, are reversible. Five patients recovered completely after foramen magnum decompression; 2 with longstanding symptoms did not improve.
After operation, 11 of the 18 patients in the entire series are free from symptoms, 3 are improved and in 4 the clinical state is unchanged. There were no post-operative complications; the follow-up period is one to six years.
The variety of symptoms depends on the unique aggregation of neural and vascular structures at the foramen magnum and the ease with which the cerebrospinal fluid pathways become obstructed.
Drop attacks, vertigo, the apnoea described at operation, and occasional hemiparetic attacks probably result from ischkmia in the vertebrobasilar artery territory. Ischoemia also accounts for transient blurring of vision and, in one patient, a period of almost total blindness for twenty-four hours after lumbar puncture. Unilateral signs of brain stem involvement have been attributed to ischemia in the distribution of the posterior inferior cerebellar artery which can be considerably displaced by the cerebellar tonsils. Compression and stretching of the lower cranial nerves is an alternative explanation of the paralysis of the vocal cords, palate and tongue muscles.
According to Gardner et al. (1957) the clinical picture of syringomyelia, sometimes in an atypical form, results from distension of the central canal of the spinal cord by cerebrospinal fluid which cannot escape into the basal cisterns. But obervations at myelography and operation indicate that spinal cord enlargement is not always present. Ischemia in the anterior spinal artery distribution could be responsible for weakness and paresthesia of the hands and for central spinal cord signs.
Hydrocephalus represents a breakdown in the equilibrium between production of cerebrospinal fluid and its escape from the partially blocked fourth ventricle exits. Minor trauma can precipitate acute hydrocephalic episodes, leading occasionally to sudden death (Gibson 1955) .
Unfamiliarity with the clinical syndromes associated with foramen magnum anomalies often leads to delay in diagnosis. Early diagnosis is important because surgery has been of less benefit to those patients with long-standing symptoms. Congenital malformations found in the lower back are described, confining attention to those which are associated with disability and which may be amenable to treatment. Myelomeningocele and meningocele are excluded as they are believed on embryological and anatomical grounds to constitute an entirely separate group. Children with occult malformations are by no means rare but the underlying cord involvement is too infrequently recognized. An important feature of such malformations is that there may be progressive disease, the effects of which may be delayed until later childhood or even until adult life. The errors in development may involve skin, bone, spinal cord or nerve roots and hence the condition may be first recognized by a pxediatric surgeon, dermatologist, neurologist or pediatrician. It is the delay in the development of neuronal loss which makes the early recognition of certain malformations important, since early operative intervention may prevent or reduce the later onset of cord damage.
The essential feature common to nearly all those conditions in which disability develops is the attachment of spinal cord or nerve roots to neighbouring structures. The abnormal attachment may be to lipoma or simply to dura. There may be bands of connective tissue running from conus to dura. In still other cases the cord may be split and impaled, as it were, by a bony spur or fibrous septum.
A lesion occasionally associated with these malformations is the dermoid cyst capable of causing harm either by expansion and compres-sion of spinal cord or cauda equina or by becoming infected.
Presentation: Abnormalities of the skin are of course present at birth although their possible significance is seldom recognized. A skin dimple may be post-anal and associated with a fibrous band attached to a low conus or may be at a higher level when it is usually a dermal sinus leading to the dura. A midline patch of hairy skin is the commonest stigma but there may also be skin pigmentation, capillary nevus and of course the swelling of a lipoma. Inequality of the lower limbs usually affects the foot but may involve the length and muscle bulk of the whole limb. Ulceration of the skin may result from sensory loss which is present in a fairly high proportion of these children. Surprisingly, in some cases, inequality of size of lower limbs is not noticed until the time comes for fitting shoes. When the child becomes a toddler a limp may be recognized before any limb inequality has been noticed. Failure of the young child to learn normal toilet habits is sometimes the reason for consulting a doctor. The disability may merely be frequency and urgency of micturition but is usually incontinence. In a few cases the onset of meningitis, sometimes with a second attack, has led to a more careful examination of the mid-line of the lower back. Table 1 summarizes the principle presenting signs. These patients are more commonly female than male, the proportion up to date being 79 to 33.
Plain X-rays: Some form of spina bifida is the commonest plain X-ray abnormality, present in over 70 % of my series. The defect is often narrow and very irregular unlike the usual finding in spina bifida cystica. Adjacent laminT may be partially fused, sometimes forming a large midline plate of bone in which a foramen is occasionally seen. This foramen may carry an artery or a fibrous band or an epidermal sinus. In over 60 % of these patients the spinal canal is abnormally wide. In only a few is there an expanding lesion present to explain this widening, which therefore
